Leukoaraiosis (LA) is a non-specific radiological sign in the cerebral white matter shown by CT or MRI. ' The clinical relevance and aetiopathogenesis of these white matter lesions are far from clear. They may be heterogeneous in origin, an end stage due to various mechanisms,2 or a manifestation of a vascular process,2 4but most likely not an end point of it.3-5 LA can be found in normal elderly subjects2 and in those with no evidence of vascular disease6 as well as in pathological conditions. In some studies LA has been associated with various cerebrovascular risk factors2 including both hypertension2 5 and hypotension7-9; LA itself has been found to be a risk factor for future strokes,'10-2 for development of clinically relevant cerebrovascular disease,'1'3 and for poor overall prognosis. '214 Causes that have been suggested for LA include Wallerian degeneration secondary to neuronal death in association with Alzheimer's disease'5 and also in association with cortical infarction,'6 but other researchers disagree.' 17 Hypoperfusion associated with IA in a number of perfusion studies" 18 may be not only causal, but may also be a consequence of it." As well as the common neuropathological finding of hyaline vascular stenosis in association with LA,"78 amyloid angiopathy has been considered a possible pathogenetic basis for it14 18 19-but not unanimOUsly.3 7 8 To test further the significance of leukoaraiosis on CT, we investigated its association with the cause of death, especially from vascular disease.
Patients and methods

PATIENTS
In the geriatric department of Turku City Hospital, CT examination of the brain for various reasons was performed in 253 patients from January to December 1989. It was standard practice in the department that a neurologist examined patients with neurological or mental problems and decided whether CT examination of the brain was necessary. It was possible to obtain sufficient data on 208 patients, of whom 25 were Bilateral symmetric confluent areas with reduced CT attenuation contiguous with the margins of the lateral ventricles were designated as LA lesions. Areas with decreased attenuation of the white matter could be located at the margins of the frontal and occipital horns of the lateral ventricles or they may have extended towards the centrum semiovale. Lesions could be irregular or patchy but mostly they tended to be uniform and diffuse.
The distribution of LA was divided into three areas: frontal, central, and occipital. The extent of LA in these areas was graded on visual impression as follows: 0, no LA; 1, under 1/4 of the area; 2, 1/4-1/2 of the area, and 3, over 1/2 of the area. The severity of LA was graded from 1 to 9 on the basis of the extent of the lesions in the three areas. Lesions graded from 1 to 5 were considered mild to moderate, and lesions graded over 5 were considered severe.
Focal changes suggesting previous cerebral infarction were also registered. Central lacunae and porencephalic cysts, and localised Table 2 shows that a vascular cause of death was clearly associated with pure LA and the severity of pure LA. Patients with severe pure LA had a vascular cause of death as often as those with pure infarction. The severity (extent) of LA did not differ between the groups with pure LA (mean 4 3 (SD 2 5)) and combined LA (3-9 (SD 2.3)). The four groups differed significantly from each other, however, when comparing the type of vascular death (table 2). The most frequent cause of death in the pure LA group was a cardiovascular disorder (48%), but a cerebrovascular disorder was most frequent in the pure infarction group (56%); the group with combined LA was between these two. Conspicuously, the occurrence of a cerebrovascular cause of death was not higher in the pure LA group than in the normal CT group. The results did not change when only those necropsied were analysed.
Of the 12 patients with a cardiovascular cause of death in the pure LA group, nine (75%) had a symptomatic cardiac disease before the terminal stage (coronary artery disease or congestive heart failure). Of those Table 3 Occurrence of coronary artery disease (CAD), cardiac failure, and Hachinski ischaemic score >7 in patients with pure LA (pLA), pure infarction (pInf), combined LA and infarction (cLA), and a normal CTfinding (nCT) pLa (n = 25) pInf (n = 18) cLA (n = 37) nCT (n = 22) n (%) n (%) n (%) n (%) (SD 3 5) for pure LA, 11 6 (SD 2 5) for pure infarction, 10-9 (SD 3 9) for combined LA, and 7-4 (SD 4d1) for normal CT (P = 0 0000)).
Discussion
Hachinski and coworkers' created the descriptive radiological label "leukoaraiosis", which may be replaced in the future with greater understanding, as subclassifications of these deep white matter changes based on aetiopathogenetic factors will inevitably arise. Today, the nature and relevance of these changes in white matter are still far from being solved and a subject of much controversy. Various investigators have studied the clinical and pathological correlates of LA from different points of view,24 but there is a conspicuous lack of studies focused on the overall causes of death of those with LA.
In the present study, a vascular cause of death was clearly associated with pure LA of unknown aetiology. A vascular cause of death was as frequent in patients with severe pure LA as it was in patients with brain infarction or the combination of these two conditions. The frequency of deaths due to stroke, however, was not higher in patients with pure LA than in patients with a normal CT finding-as it was in the other two groups. Instead, a cardiovascular disorder was the leading cause of death in patients with pure LA. In this respect, patients with combined LA were in between the groups with pure LA and those with pure infarction.
The reliability of these results may be questioned because of the retrospective nature of this study and the fact that only half of the patients were necropsied. The reliability of hospital records and death certificates in Finland is, however, very high. Furthermore, when excluding the patients not necropsied, the results did not change. The extrapolation of these results to other populations has to be done with caution, however, because the subjects were selected, mostly elderly patients in hospital. The fact that this study was based on CT and not MRI may raise the question of the sensitivity of the method; CT cannot detect abnormalities as small as those found on MRI. Small MRI lesions, however, are of more heterogeneous origin and do not necessarily permit differentiation among the different underlying pathological entities.2 Although not denying the usefulness of MRI, it has been suggested that CT should be considered a more useful method to evaluate clinical radiological correlates in dementia."
In patients with transient ischaemic attacks or minor stroke LA has been associated with an extra risk of future stroke, independent of other risk factors.'012 A correlation between the presence of LA and cerebrovascular disease has been suggested, implying that LA may provide evidence of "silent" cerebrovascular disease.'3 The present study suggests that a risk of fatal cardiac disease exists in patients with LA. In fact, Miyao and coworkers'2 found cardiac disease to be the major cause of death (40%) in 10 LA positive patients with lacunar infarction. Obviously, fatality for LA due to direct neurological sequelae is negligible, as it is in the case of lacunar infarctions. The complications of extracranial arteriosclerosis and cardiac diseases, however, threaten patients with LA as they do those with true brain infarctions. If, as has been suggested, focal brain infarctions also develop in association with severe LA,2 the probability of fatal cerebral stroke seems to increase. The results of the present study support the idea that arteriosclerotic vascular disease is the common pathogenetic pathway for both LA and cerebral infarctions525 with infarction being the end point of the process, not LA. 45 In this study, however, the patients with combined LA did not have a more severe degree of LA and were not older than those with pure LA. Instead, the patients with pure and combined LA were significantly older than those with pure infarction. This suggests that LA is not just a simple continuum of a process leading to true infarction. In addition, the Hachinski score was equal in the pure LA and normal CT groups, and significantly higher in the other two groups with infarction, which also fails to support a simple multiinfarct aetiology of pure LA. Although both conditions have been shown to correlate with arteriosclerosis and share many of the same risk factors, including hypertension, there seem to be some differences between them. The most common pathogenetic pathway for infarctions is thromboembolism,2 whereas the pathway for LA in these elderly patients seems to be haemodynamic failure due to cardiovascular disorders. In a previous study we have shown that hypotension and cardiac failure are associated with LA later in life.9 These findings are consistent with those of Brun and Englund.7 '7 The fact that vascular mechanisms frequently overlap,26 often makes clinical differential diagnosis difficult.
In conclusion, in the present study LA was associated with a cardiovascular rather than a cerebrovascular cause of death. This finding suggests that LA is a manifestation of a more general vascular disorder than simple cerebrovascular disease. The association between heart failure and IA suggests that haemodynamic failure with subsequent cerebral hypoperfusion contributes to the pathogenesis of LA.
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